Major advances have occurred within the last decade in the understanding of the pathogenesis of coronary artery disease. Not only are the underlying mechanisms now clearly defined, but effective medical therapies are available at low cost and minimal side effects. In spite of these advances, cardiovascular events are still the leading cause of death in the United States and the Western world. Analysis of the many factors involved in the delivery of appropriate cardiovascular care strongly suggests that the primary reason is the overly restrictive guidelines published by medical societies. This article proposes a much broader basis for constructing atherosclerosis clinical guidelines, namely the known pathophysiology of atherosclerosis. If pathophysiology forms the basis of atherosclerotic treatment recommendations, then a risk/benefit analysis can be used to determine appropriate preventive therapy for any specific individual. The result will be that many additional individuals will be eligible for preventive treatment of atherosclerosis, and the saving of many lives at minimal cost will result.
Introduction
The choice of pathophysiology-based clinical guidelines versus randomized clinical trials (RCTs) based clinical guidelines has critical bearing upon the increasing prevalence of atherosclerotic heart disease in the United States [1] .
Fundamentally, pathophysiology-based clinical guidelines support risk/benefit considerations for patient specific clinical management by physicians. In contrast, randomized clinical trials based clinical guidelines support the mean pop-ulation response to a drug or lifestyle intervention and therefore have no proven outcome for any individual patient to achieve his/her optimal end point response. The result is that many of the individuals with significant undiagnosed atherosclerosis are not being appropriately treated and suffer cardiovascular events.
It may be surprising that the majority of professional organizations that issue cardiovascular guidelines base their recommendations primarily on the results of randomized controlled trials [2] . Rather than considering the risk/benefit ratio of a recommendation for a patient from the typical comorbid diverse clinical population, RCTs report a "proven" fact for a highly selected non-representative group within a 95% confidence interval. The result is that many individuals who would benefit from a relatively benign, inexpensive therapy are prevented from receiving treatment. Because they do not qualify for the RCT study group, they experience a major cardiovascular event.
The difference between randomized control based guidelines and pathophysiological based guidelines is illustrated in Figure 1 . Both approaches begin with the same heterogeneous population. However, to ensure internal validity by studying a relatively homogeneous population, the randomized control based guideline approach follows a stepwise exclusion (reduction in the size) of the population to be tested. In contrast, the pathophysiological based guideline is not restricted to a homogenous population and therefore does not restrict the number of individuals to be included in the assessment. This difference is significant because there are many individuals with atherosclerosis that need to be treated with medication but are excluded because their personal characteristics were not included in available clinical trials. These individuals usually include the elderly, the young, and people with multiple medical issues.
Atherosclerosis belongs to a collection of diseases in which the pathophysiology involving abnormalities in the blood must be corrected to achieve a successful clinical outcome. The list of such pathophysiology-based diseases is long, and ranges from gout, in which blood uric acid levels must be normalized to prevent the inflammation of joints, to AIDS in which the virus in the blood must be suppressed or eliminated to prevent clinical complications. Table 1 contains a partial list in which guidelines identify the therapeutic target concentration of the offending agent for correction to successfully eliminate the clinically expressed disease. In this group of diseases, treating for a population mean outcome based on randomized controlled trial guidelines may fail to cure the disease in those patients who fall outside of the mean RCT population reduction in concentration of the causative agent in the blood.
From a historical perspective, each of these diseases in Table 1 was treated with limited success with many different pharmacological and medical approaches for decades prior to identifying the single abnormality within the blood that was the essential pathophysiological abnormality. Atherosclerosis treatment guidelines evolved initially toward improving clinical cardiac outcomes as the D. S. Schade, R. P. Eaton Figure 1 . A comparison between guidelines that are randomized controlled based (RCT) and guidelines that are based on pathophysiology. In an attempt to study a homogeneous population, there are many exclusions for RCT based guidelines (which reduce the cost and duration and also increases the statistical power of the study). Unfortunately, this approach leads to a study of non-representative populations (poor external validity). In contrast, pathophysiologically based guidelines apply to all of the population and permit immediate analysis of all the currently available data. Atherosclerotic burden is identified in asymptomatic patients with calcium scanning [ Figure 2 ], and in symptomatic patients by history of heart attack with or without stent or bypass intervention. Based upon pathophysiology in these patients, physicians should consider medication titration to achieve the targeted blood LDLc concentration reduction levels to maximally prevent clinical cardiac events and reverse atherosclerosis.
Background
The pathways to today's challenge of treatment of coronary atherosclerosis be- The value of the coronary calcium heart scan in predicting CHD events. A progressive increase in CHD at 12.5 years was observed with increasing coronary calcium at baseline. The figure also suggests that the CAC scan should be repeated every 5 years to allow for identification of newly positive scans and the adjustment of risk assessment. This suggestion is based on the observation that CHD events were observed in the high Framingham risk category (>12%) when the original score was zero a decade before the event. Data modified from ref [32] . World Journal of Cardiovascular Diseases
For the next fifty years, two pathways of a solution were followed in almost parallel trajectories. One was directed at surgical removal of a damaged site in a coronary vessel, and one was directed at the biochemical role of "fat/cholesterol" as recognized chemically in cutaneous xanthoma in families with early presentation of heart attacks. Within a decade, the effect of emergent by-pass surgery in saving patients with acute vessel occlusion was reported and replicated [7] .
Within twenty years, this surgical success was followed with similar life-saving Heart attacks were indeed reduced, and guidelines issued recommending a single daily dosage of a statin as a therapeutic intervention [9] . Without any attempt to achieve a uniform lowering of LDLc in the statin trials, no expectations for target reductions in individual patients were made [10] . Unfortunately, death from cardiovascular disease remained the number one cause of mortality in the United States. Overlapping circles indicate that some studies fall into more than one category (not all overlaps are shown for reasons of simplicity). The overall "expert consensus" circle includes the consideration of all the available pathophysiological data pertinent to a specific disease's treatment and forms the basis of the recommendations. As a hypothetical example, the numbers (inside the circles) indicate the specific references that are cited in the professional organization's guidelines that have the most influence in constructing their recommendations. The inclusion of this type of diagram increases the communication between the reader and the authors of the clinical practice guidelines by permitting the reader to understand the reasons for the recommendations.
Increasing Importance of Pathophysiology
pathophysiology is that, a priori, it is continuously strengthened by new discoveries and insights into a disease that might occur.
Treatment practice based upon pathophysiology guidelines can utilize a risk/benefit analysis typical of everyday clinical practice, so that potential unknown risks can be minimized. This allows safe, aggressive therapy to be applied to the individual patient with a potential life threatening disease. Finally, by preventing/reversing atherosclerosis, the patient can achieve favorable outcomes that are both cost effective to the individual and to the U.S. health care system [11] .
The human genetic data in familial hypercholesterolemia have clearly demonstrated that members of a family with elevated levels of LDLc have heart attacks prematurely. In contrast, relatives with LDL cholesterol concentrations more typical of the general population did not seem to have premature heart attacks.
Close examination of the statin randomized control trials revealed a similar possibility, even though no target level of LDLc was utilized [12] . When one did a comparison of the many trials with differing statin agents and/or using differing World Journal of Cardiovascular Diseases statin dosages, a statistical relationship between the degree of LDL reduction using population means, and the resulting reduced heart attack events could be recognized [13] . This raised the question of whether or not individual management of LDLc lowering to a specific blood level might be considered. Pathophysiology based practice has been the traditional knowledge-based process to pursue this possible role of a concentration-based agent causing tissue disease in the individual patients within a primary care practice.
Recognizing that subhuman primates rarely develop atherosclerosis, other animal models of atherosclerosis were developed [14] . Discovery of the Watanabe atherosclerotic prone rabbit provided a unique resource to study the atherosclerotic process [15] . Identification of the hepatic LDL receptor by Brown and [19] . Furthermore, analysis of genomic traits that result in a reduced LDL concentration from early childhood indicates that this trait is associated with a substantially greater reduction in cardiovascular events than the current practice of lowering LDL later in life [20] [21].
Finally, it has been recently reported that a clonal hematopoiesis of indeterminate potential (CHIP) mutation in adults over the age of 70 yrs. is significantly associated with increased heart attack and strokes [22] . From a pathophysi- Of critical importance is that atherosclerosis is a reversible disease [25] . Atherosclerotic regression following LDL cholesterol reduction was first reported almost two decades ago [26] , and more recent studies demonstrated that it was reversible within one year in subjects with known cardiovascular disease [11] [27] [28] [29] . Of most importance, investigation of the effect of targeted reduction in LDL cholesterol was addressed. Studying 1139 individuals with and without diabetes, reducing the circulating LDL below 70 mg/dl reversed atherosclerosis [30] . It was then observed that all LDL-lowering therapies that increase the hepatic LDL receptor while reducing LDL cholesterol concentration were effective in reducing cardiovascular events (including lifestyle changes, statins, ezetimibe, ileal bypass, and PCSK9 inhibitors); whereas therapies that do not increase the hepatic LDL receptor concentration don't reduce cardiovascular events (e.g., niacin) [31] . In addition, when cardiovascular clinical trials employing statins examined the relationship of LDL lowering with the reduction of cardiovascular events, it was consistently observed that the lower the LDL concentration, the fewer the events [32] . This concept has been further extended by a recent trial of the PCSK9 inhibitor evolocumab that demonstrated the benefits of even further reduction of circulating LDL cholesterol from 70 mg/dl to 30 mg/dl in high-risk individuals [33] . Finally, understanding the pathophysiology of atherosclerosis provides reassurance that low LDL cholesterol levels are safe, at least down to 30 mg/dl [34] . Many humans are born with LDL levels in the 50 mg/dl range [35] . Individuals with a genetic deficiency of PCSK9 may have lifetime circulating LDLc levels as low as 14 mg/dl without adverse effects [33] .
Effect of Pathophysiology Based Target Guidelines on Heart Disease
Atherosclerosis is the number one cause of mortality in the United States, more than all cancers combined [36] . Although the acute mortality has been slowly decreasing secondary to improved emergency cardiovascular interventions, the actual prevalence of the disease continues to increase [1] . Approximately 600,000 individuals in the United States suffer a cardiovascular event (myocardial infarction or stroke) each year. Half of these patients die before reaching the hospital, and according the American Heart Association, a recent estimate of the cost of atherosclerotic cardiovascular disease is 207 billion dollars per year [2] . Because atherosclerosis is a silent killer, at least 50% of these patients were asymptomatic and unaware that they were at risk.
Guidelines based upon pathophysiology begin by recognizing that atherosclerosis is a chronic disease that begins in childhood. Knowing that 5% of our population has familial heterozygous hypercholesterolemia, consideration could address those at the interface between teenagers and young adults. This is the current practice in pediatric management of young adult with homozygous familial hypercholesterolemia [37] . When atherosclerotic burden is identified noninvasively within the heart by coronary artery calcium scanning in at-risk members World Journal of Cardiovascular Diseases of such families, then consideration of targeted medical lowering of their LDL cholesterol to <50 mg/dl is appropriate. The next category is men and women who have experienced a heart attack, stroke, by-pass or stent in whom these events confirm the presence of atherosclerosis. These pathophysiological based recommendations would identify targeted medical lowering of their LDL cholesterol to <50 mg/dl. Finally, any man or women who is considered "at-risk" for coronary disease by evaluations such as the Framingham risk calculations, and who has a positive atherosclerotic burden by cardiac calcium scan, would qualify for reducing the LDL cholesterol to <50 mg/dl.
The medications currently available are appropriate to achieve a target blood LDLc concentration of <50 mg/dl by following the patient's response with titration to achieve this goal. Based on the known side effects of lifestyle change, statins, ezetimibe, and low dose aspirin (all of which have been in use for more than 20 years), the benefit of the pathophysiological approach greatly outweighs any therapy related risks [38] . Since all of the cited therapies are now generic, the prevention of cardiovascular disease is very cost effective, with medication costs of less than one dollar per day. Furthermore, because of the anticipated cost saving from the prevention of emergency acute coronary care, many medical insurance companies are now providing statins and ezetimibe at no or minimal charge to their enrollees. This is a chronic disease and strongly influenced by any acquired inflammatory disease occurring at any time throughout a lifetime, such as influenza [42] . Considering a physician's risk/benefit approach to an individual patient, follow-up calcium scans at 5 year intervals can be considered highly cost-effective, and particularly so in the presence of other known cardiovascular risk factors. Figure 4 . A comparison of the size of the estimated population that would qualify for treatment (lifestyle change, medication) to prevent atherosclerotic heart disease. Almost twice as many individuals would be recommended for interventional therapy when pathophysiology is used as the basis of treatment recommendations. Since RCT based treatment relies on a published risk score, many patients will be treated that do not have atherosclerotic disease. In contrast, pathophysiology based treatment only recommends treatment for individuals with a positive coronary artery calcium score, therefore, only patients with atherosclerotic disease are treated.
Not surprisingly, there are major differences between all clinical practice guidelines. The American College of Cardiology and the American Heart Association most recent guidelines of 2013 did not recommend LDL cholesterol target therapy. However, in 2017 the American Association of Clinical Endocrinologists and American College of Endocrinology suggested LDL cholesterol treatment goals of <55 mg/dl for patients with "Extreme Risk", <70 with "Very High risk", <100 with "High Risk", and <130 with "Low Risk" [43] . These differences result in confusion for physicians attempting to apply them to their patients because the term "risk" is defined differently by different on-line calculators [44] [45] [46] [47] . In addition, the weaknesses of randomized controlled trials have been frequently pointed out by several authors [48] [49] . Table 2 lists these weaknesses and compares these parameters to those of pathophysiology based guidelines. There are major differences between RCT based guidelines and pathophysiology-based guidelines as shown in Table 2 . The benefits of pathophysiology-based guidelines are based on the fact that they include not only RCT data but also include all other types of scientific evidence. They can also be applied immediately to the general at risk population whereas RCT based guidelines require years for studies to be completed at great cost to the population.
Their narrow focus precludes general applicability to many individuals in the population (i.e., poor external validity). Because atherosclerosis is the number one cause of death in the Western world, the risk/benefit analysis strongly favors pathophysiology-based guidelines. The pathophysiological significance of documenting vessel atherosclerosis burden by calcium scan and reducing the LDL cholesterol to <50 mg/dl, significantly differentiates these two approaches to therapy guidelines for this chronic disease [ Figure 2 ].
Conclusion
This position paper poses the hypothesis that pathophysiologic data establishing a target lowering of LDL cholesterol and hsCRP in all asymptomatic patients with coronary atherosclerosis and symptomatic patients with a clinical history of cardiovascular disease will reduce the number of patients dying of cardiovascular disease. It acknowledges that randomized controlled trials are often the preferred experimental design for answering therapeutic questions in very specific populations, but they exclude the realty of comorbid diseases that characterize the general clinic population. We are not the first authors to raise issues concerning clinical practice guidelines, but we are the first to offer a feasible alternative approach. Pathophysiology provides the professional organization with the ability to factor in non-randomized controlled studies and alter their therapeutic recommendations in a timely fashion. In many circumstances, it is also cost effective, preventing the high cost of invasive long-term cardiovascular medical care [50] . Most importantly, it permits recommendations that are directly applicable to the general clinic population, not just the carefully selected volunteers enrolled in randomized controlled trials. The beneficiaries of utilizing pathophysiology will be both the physicians who rely on guidelines and their patients who will receive the most current therapy based upon all the available experimental data to achieve a target level of reduced LDL and hsCRP concentration.
